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© Printed antenna. 

© In a printed antenna, a window (14) is formed in 
a grounded conductor (18) provided on one side of 
an insulator substrate (16), and a strip conductor is 
formed in the window (14) as a strip antenna ele- 
ment (10). The grounded conductor (18) has convex 
portions (11) projecting toward a central portion of 
the strip conductor in a longitudinal direction of the 
strip conductor. Furthermore, in a printed antenna, a 
window (14) is formed in a grounded conductor (18) 
provided on one side of an insulator substrate (16) 
and two strip conductor (10) are formed in the win- 
dow and a short conductor (11) is provided to con- 
nect a longitudinally central portion of each of the 
strip conductor with the grounded conductor. Fur- 
thermore, in a printed antenna, a window (14) is 
formed in a grounded conductor provided on one 
side of an insulator substrate, a strip conductor is 
formed in the window and a short antenna element 
(22) is formed in the grounded conductor (18). A 
short conductor connects a longitudinally central por- 
tion of the strip conductor with the grounded con- 
ductor. Furthermore, a reflector plate (20) may be 
provided or a plurality of the above-mentioned print- 
ed antenna are arranged on an insulator conductor. 




Rank Xerox (UK) Business Services 



1 



EP 0 519 508 A1 



2 



BACKGROUND OF THE INVENTION 

This invention relates to a printed antenna for 
microwave transmission and reception. 

The printed antenna in which antenna elements 
and a transmission line are formed on a printed 
board has many advantages that it can be thin, 
light and small, it can be made in mass-production, 
and it can be formed integrally with electronic 
circuits. Such a printed antenna is used as an 
antenna for microwave transmission and reception 
of satellite broadcast, movable body communica- 
tion or the like. There are various types of printed 
antennas. It has been increasingly noted that one 
type of printed antenna, in which a linear strip 
antenna element is used and a window is provided 
in a grounded conductor by cutting off the same to 
obtain a broad or wide band, is stable for its 
operation since it has only one resonance mode, 
compared with another type of printed antenna 
utilizing a patch type of element. 

Furthermore, in case where a linear strip an- 
tenna element is used as an antenna for circularly 
polarized wave transmission and reception for use 
a satelitte broadcasting transmission and reception, 
it has been proposed that the strip antenna ele- 
ment is combined with a slot antenna of a linear 
element similar to the strip antenna element, and 
the slot antenna element is positioned relative to 
the strip antenna element so that a power sup- 
plying phase difference between the strip and slot 
antenna elements is made 90' along the transmis- 
sion line for excitation. In such a case, since the 
electric field radiated from the strip element and 
electric field radiated from the slot element are 
spatially perpendicular to each other, these electric 
fields have a phase difference of 90* in time, and 
at the same time, constitutes a combination of 
spatially crossed oscillating electromagnetic field to 
effectively radiate a circularly polarized wave. Al- 
though the explanation on the antenna is directed 
to a transmitting antenna, it shonld be understood 
that the transmitting antenna can also be used as a 
receiving antenna due to duality of electromagnetic 
field. 

Such a printed antenna constructed by a com- 
bination of linear elements has a feature that it is 
stable for its operation as mentioned above, and in 
addition to that feature, it can electronically switch 
over between waves of right and left circular po- 
larization, between a polarized vertical wave and a 
polarized horizontal wave, or between a circularly 
polarized wave and a linearly polarized wave for 
use in a satellite froadcast utilizing a satellite com- 
munication. Consequently, it has a feature that it 
can perform multi-functions compared with another 
printed antenna using a patch type of elements to 
be designed for transmitting and receiving a cir- 



cularly polarized wave for each element. 

As mentioned above, the window formed by 
cutting off portions of the grounded conductor can 
widen or expand a frequency band of strip antenna 

5 element. At the same time, an electromagnetic 
wave is radiated on both sides of the antenna from 
the window. In order to radiate an electromagnetic 
wave only on one side of the antena, a reflector 
plate 20 is provided as shown in Fig. 20. The 

10 reflector plate may be provided on either side of a 
base plate or substrate. However, in order to ac- 
complish the purpose of reducing radiation loss 
from the transmission line, it is preferred that the 
reflector plate is provided on the side where the 

15 transmission line is positioned. 

Furthermore, in order to prevent the deteriora- 
tion of circularly polarized wave due to the provi- 
sions of the reflector plate, the provisions of strip 
antenna in the window was proposed by the same 

20 inventor (Japanese Patent Application No. 
344229/1989). 

Figs. 18 through 20 show a conventional print- 
ed antenna constructed by a combination of above- 
mentioned linear element for radiating circularly 

25 polarized wave. Referring to these Figs. 18 through 
20, each linear strip element 10 is provided in the 
window 14 to effectively radiate electiomagnetic 
wave of frequency to determined by length of 
linear strip antenna element by electromagnetic 

30 connection between each linear strip element 10 
and the transmission line 12. Since the window 14 
is wide in its width and functions as a slot of a long 
lengh, a spurious radiation is generated due to 
radiation from the strip antenna element 10. How- 

35 ever, the spurious radiation can be suppressed by 
the provisions of a pair for cancellation, not shown. 

However, with the conventional antenna, com- 
plete cancellation of spurious radiation by use of 
the above-mentioned method can be made only in 

40 a certain direction and at a certain frequency. Fur- 
thermore, since a gain decreases due to distur- 
bance of radiation pattern generated by spurious 
radiation, a design for amending disturbance of 
radiation pattern at the whole arrayed antenna is 

45 required, and therefore there is a disadvantage that 
it is hard to design an antenna. 

SUMMARY OF THE INVENTION 

so It is, therefore, a main object of the invention to 
provide a printed antenna for microwave transmis- 
sion and reception in which a spurious radiation 
from a window is few without the provisions of a 
pair for cancellation of spurious radiation. 

55 Another object of this invention is to provide a 
printed antenna for microwave transmission and 
reception which can make spurious radiation to be 
reduced, designabiiity to be good, frequency band 
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to be wide, and gain to be high. 

Still another object of the invention is to pro- 
vide a printed antenna for microwave transmission 
and reception in which spurious radiation is few, a 
band width of the property of gain-frequency of 
antenna element can be made wide, and crossed 
polarized wave property or circularly polarized 
wave property is good. 

In order to accomplish these objects, there is 
provided a printed antenna which comprises a win- 
dow formed in a grounded conductor provided on 
one side of an insulator substrate and a strip con- 
ductor formed in the window as a strip antenna 
element comprising at least one convex portion of 
the grounded conductor projecting into the win- 
dow in a direction laterally of the strip conductor. 

In an aspect of one embodiment in accordance 
with the present invention, one strip conductor is 
disposed in the central position of the window and 
projects toward the strip conductor from both sides 
of the window, and the convex portions are not in 
contact with the strip conductor. 

In another aspect of embodiment in accor- 
dance with the present invention, two strip conduc- 
tors are disposed in the window parallel to each 
other, convex portions project toward each of the 
strip conductor from both sides of the window and 
are in cantact with each strip conductor. 

With still another aspect of embodiment in ac- 
cordance with the present invention, one strip con- 
ductor is disposed in the central position of the 
window, convex portion projects toward the strip 
conductor from the side where a slot antenna ele- 
ment is not disposed and is in contact with the 
strip conductor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be now described in 
detail with reference to the preferred embodiments 
illustrated in the accompanying drawings in which; 
Fig. 1 is an enlarged plan view of a first embodi- 
ment of a printed antenna in accordance with 
the present invention, 

Fig. 2 is a cross-sectional view taken along line 
2-2 of Fig. 1, 

Fig. 3 is an enlarged plan view of a second 
embodiment in which the printed antenna of Fig. 
1 is applied to a printed antenna for circularly 
polarized move transmission and reception pro- 
vided with a reflector plate, 
Fig. 4 is a cross-sectional view taken along line 
4-4 of Fig. 3, 

Fig. 5 is a general plan view of a third embodi- 
ment in which the printed antenna of Fig. 1 is 
applied to a printed antenna for circularly po- 
larized wave transmission and reception, 
Fig. 6 is a cross-sectional view taken along the 
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line 6-6 of Fig. 3 showing a fourth embodiment 
in which an insulator substrate is sandwiched 
between a reflector plate and an antenna, 
Fig. 7 is a general plan view of the fourth 
5 embodiment, 

Fig. 8 is an enlarged plan view of a fifth embodi- 
ment of a printed antenna in accordance with 
the present invention, 

Fig. 9 is a cross-sectional view taken along the 
w line 9-9 of Fig. 8, 

Fig. 10 is an enlarged plan view of a sixth 

embodiment in which the printed antenna of Fig. 

8 is applied to a printed antenna for linearly 

polarized wave transmission and reception pro- 
fs vided with a reflector plate, 

Fig. 1 1 is a cross-sectional view taken along the 

line 11-11 ol Fig. 10, 

Fig. 12 is a general plan view of a seventh 
embodiment in which the printed antenna is 

20 applied to a printed antenna for circularly po- 
larized wave transmission and reception, 

Fig. 13 is an enlarged plan view of an eighth 
embodiment of a printed antenna in accordance 
with the present invention, 

25 Fig. 14. is a cross-sectional plan view taken 
along the line 14-14 of Fig. 13, 
Fig. 15 is an enlarged plan view of a ninth 
embodiment in which the printed antenna is 
applied to a printed antenna for circularly po- 

30 larized wave transmission and reception pro- 
vided with a reflector plate, 
Fig. 16 is a cross-sectional view taken along the 
line 16-16 of Fig. 15, 

Fig. 17 is a general plan view of a tenth embodi- 
35 ment in which the printed antenna of Rg. 1 is 
applied to a printed antenna for circularly po- 
larized wave transmission and reception, 
Fig. 18 is a plan view of a conventional printed 
antenna made by a combination of linear ele- 
40 ments for radiating a circularly polarized wave, 
Fig. 19 is a plan view showing a pair comprising 
a conventional strip antenna element provided 
with a window and a slot antenna element con- 
stituting the printed antenna of Fig. 18, and 
45 Fig. 20 is a cross-sectional view taken along the 
line 20-20 of Fig, 19. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

50 To begin with, an expanation on the fundamen- 
tal constructions of printed antennas in accordance 
with the present invention and the advantages ob- 
tained from the constructions will be made. With a 
first embodiment, convex portions are provided in 

55 the window of a grounded conductor at the central 
portion of a strip conductor by partially narrowing 
the width of the window to reduce spurious radi- 
ation from the window without narrowing a fre- 
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quency band of the strip antenna element. When 
the distance between the opposit ends of the con- 
vex portions projecting from the grounded conduc- 
tor into the window is wide, spurious radiation can- 
not be reduced in the same manner as in the case 
of no convex portions. Therefore, it is desired that 
the above-mentioned distance is less than three 
times of the width of the strip antenna element. 

The electric field distribution on the strip an- 
tenna element is strongest at its ends and, there- 
fore, at those portions the widening of width of 
window results in a wide band of the strip antenna 
element. The electric field is zero at the central 
portion of the strip antenna element, and thus even 
when the convex portions of the grounded conduc- 
tor are disposed near the strip antenna element at 
the central portion thereof, the property of the strip 
antenna element does not change. Consequently, 
the leading ends of convex portions of the ground- 
ed conductor in the window may be connected to 
the strip antenna element. However, the wider the 
width of the leading ends of convex portions is, the 
greater the resonant frequency of the strip antenna 
element is. Consequently, it is desired that the 
width of the leading ends of convex portions is less 
than that of the strip antenna element. 

With another embodiment, since two strip con- 
ductors or antenna elements are formed in the 
window a frequency band is wide, and since the 
width of each strip antenna element is narrow there 
is only one resonance mode and the operation of 
the antenna element is stable. Furthermore, a short 
conductor for connecting the central portion of 
each strip conductor and the egde portions of the 
window can effectively suppress spurious radiation 
from the window. 

In case where the width of the short conductor 
is wider than that of the strip conductor, resonant 
frequency of the strip conductor becomes very 
high, and therefore the resonant frequency cannot 
be determined only by the length of the strip 
conductor, which leads to poor designability. Fur- 
thermore, the higher frequency is, the more the 
spurious radiation from the window is. Therefore, 
where the resonant frequency of the strip element 
becomes higher, the property of crossed polarized 
wave becomes worse. 

With still another embodiment, a strip conduc- 
tor in the window is connected by a short conduc- 
tor with a grounded conductor to suppress spurious 
radiation from the window. At the same time, since 
the short conductor is provided on the side where 
the slot element is not disposed, the disadvantage 
that the radiation becomes weak due to a combina- 
tion of a strip element in the window and a slot is 
prevented. 

A reflector plate is usually disposed at a dis- 
tance X/4 from the strip conductor, where X is a 



wave lengh of used frequency. However, the dis- 
tance is not limited to that value as far as the 
purpose of radiating an electromagnetic wave on 
either side of the antenna is accomplished. Further- 

5 more, another insulator substrate may be sand- 
wiched between the insulator substrate and the 
reflector- plate to attach the reflector plate to the 
insulator substrate. 

The insulator substrate is not limited as far as 

w the thickness of the insulator substrate is uniform 
and a desired dielectic property is obtained. 

Now, an explanation on the embodiment in 
accordance with the present invention will be made 
specifically with reference to the drawings. Refer- 

is ring now to Figs 1 and 2, a strip antenna element 
10 of 1.0 mm in width and of 7.5 mm in length is 
formed on one side of an insulator substrate 16 of 
0.8 mm in thickness and a window 14 is formed 
around the strip antenna element 10 by cutting off 

20 a grounded conductor 18. In the window 14, con- 
vex portions 11 of the grounded conductors 18 
which project from the opposite egdes of the win- 
dow toward the central portion of the strip antenna 
element are formed. The distance between the 

25 leading ends of the convex portions is 1 .8 mm and 
the width of the leading end of convex portion is 
0.4 mm. A transmission line 12 for excitation is 
formed on the other side of the insulator substrate. 
The end of the window is spaced at 0. 8 mm 

30 distance away from the transmission line 12. 

Referring now to Figs. 3 and 4, there is shown 
a printed antenna for circularly polarized wave 
transmission and reception provided with a reflec- 
tor plate. The printed antenna is the same as that 

36 of Figs. 1 and 2 except that a slot antenna element 
22 and a reflector plate 20 are provided. 

The slot antenna element 22 is formed by 
removing a portion of the grounded conductor 18 
so that it has a designed frequency of 12 GHz, and 

40 the slot antenna element is disposed 4, 2 mm, 
which conesponds to 1/4 wave length on the trans- 
mission line, away from the strip antenna element. 
Tne reflector plate 20 is disposed 1/4 wave length 
from the transmission line on the other side of the 

46 insulator substrate. 

Fig. 5 show an example of a printed antenna 
for circularly polarized wave transmission and re- 
ception which is coustructed by a plurality of the 
printed antenna shown in Figs. 3 and 4 as a 

so fundamental unit. The strip antenna elements 10 
and the slot antenna elements 22 are arranged in 
two rows along the transmission line 12 on the side 
thereof, with the distance between the strip antenna 
element and the slot antenna element being 16.8 

55 mm, which corresponds to one wave length on the 
transmission line. An input and output portion 13 is 
disposed at the central portion between two rows of 
transmission line so that antenna element in each 



4 



EP 0 519 508 A1 



row are excited in the same phase. 

With the antenna shown in Fig. 5, the fre- 
quency at which a maximum gain is obtained is 
11.9 GHz, axial ratio (a degree of a good circularly 
polarized wave) is consistent with the best fre- 
quency. When a radiation pattern in a plane per- 
pendicular to the transmission line is measured, the 
maximum value of the first side lobe level is - 10 
dB and a difference between right and left levels is 
2dB. 

For comparison, the conventional printed an- 
tenna of Fig. 18, in which convex portions are not 
provided and the lengthes and positions of the strip 
antenna elements and the slost antenna elements 
being adjusted to obtain a maximum gain, is pre- 
pared. The maximum gain is obtained at a fre- 
quency of 1 1 .6 GHz and a frequency at which axial 
ratio is the best is 11.9 GHz. At that time, the end 
of the window is spaced 0.2 mm away from the 
transmission line for excitation. Similarly, when a 
radiation pattern is measured, the maximum value 
of the first side lobe level is -5 dB and a difference 
between right and left levels is 10 dB. 

Referring now to Fig. 6, there is shown another 
printed antenna for circularly polarized wave trans- 
mission and reception in which another insulator 
substrate is sandwiched between a reflector plate 
and an antenna. With the antenna, a strip antenna 
element 10 of 1.2 mm in width and of 9.25 mm is 
formed on one side of an insulator substrate 16 of 
2.0mm in thickness, and a window 14 is formed 
around the strip antenna by cuting off a grounded 
conductor 18. In the window 14, convex portion 11 
of the grounded conductor 18 which projects from 
the opposite egdes of the window toward the cen- 
tral portion of the strip antenena element is formed. 
The distance between the leading ends of the 
convex portions is 0.4 mm. A slot antenna element 
22 of 1.0 mm in width and of 8.1 mm in length is 
formed by removing a portion of the grounded 
conductor 18. A reflector plate 20 is attached to the 
antenna by an insulator substrate 17 having the 
same property and thrickness as those of the in- 
sulator substrate 16. Furthermore, the end of the 
window is spaced 0.6 mm away from the transmis- 
sion line 12 for excitation and the end of the strip 
antenna element is spaced 1.4 mm away from the 
transmission line 12 for excitation. 

As shown in Fig 7, a printed antenna for cir- 
cularly polarized wave transmission and reception 
is constructed by a plurality of the printed antenna 
as a fundamental unit as shown in Fig. 6. With the 
antenna shown in Fig. 7, strip antenna elements 10 
and slot antenna elements 22 disposed on the side 
of transmission line 12 with the distance between 
these elements 10 and 22 being 20.6 mm. which 
corresponds to one wave length on the transmis- 
sion line, and an input and output portion 13 is 



disposed at the central portion between rows of 
transmission line so that antenna element in each 
row are excited in the same phase. 

When the circularly polarized wave property of 

5 the antenna shown in Fig. 7 is measured, the 
frequency at which the maximum gain is obtarined 
Is 11.9 GHz and the axial ratio, or the degree of 
good circularly polarized wave, is 12.0 GHz. Fur- 
thermore, when a radiation pattern in a plane par- 

w allel to the transmission line is measured, the maxi- 
mum value of the first side lobe level is -10 dB and 
a difference between right and left levels is 4 dB. 
The radiation pattern approximately exhibits a form 
of sin (x)/x. 

T5 For comparison, the antenna, in which the 
same fundamental elements as those of the con- 
ventional printed antenna in the window as shown 
in Fig. 1 9, and the other portions are constructed to 
be the same as those of Fig. 7 with the lengthes 

20 and positions of the strip antenna elements and the 
slot antenna elements being adjusted to obtain a 
maximum gain, is prepared. When the circularly 
polarized wave property of the antenna is mea- 
sured, the frequency at which the maximum gain is 

25 obtained is 11.8 GHz. Similarly, when the radiation 
pattern in a plane parallel to the transmission line is 
measured, a maximum value of the first side lobe 
livel is -6 dB, and a difference between right and 
left levels is 0 dB. However, there are spurious 

30 radiations in high level of -13 dB on both sides of 
the antenna in a diRection of 45* from the front 
surface of the antenna, and thus the radiation pat- 
tern is quite different from the form of sin (x)/x. 
Therefore, it is found that in the construction of 

35 the antenna in accordance with the present inven- 
tion, the frequency at which the maximum gain is 
obtained is consistent with the frequency at which 
the axial ratio is good, and the disturbance of 
radiation pattern due to the spurious radiation from 

40 the window can be suppressed. That is, with the 
antenna provided with convex portions in the win- 
dow, the disturbance of radiation pattern due to 
spurious radiation is improved. At the same time, 
since the end of the window can be positioned 

45 away from the transmission line (in the example, 
the distance is 0.8 mm), it is found that the fre- 
quency at which the maximum gain and the fre- 
quency at which the axial ratio is good are consis- 
tent to each other without variation of the property 

so of transmission line, and designability is improved. 

Now, a still another embodiment in which an ' 
improvement is introduced in the first embodiment 
will be explained. Referring to Figs. 8 and 9, an 
antenna element comprising two strip conductors 

55 each of 1 .0 mm in width and of 9.2 mm in lengh is 
formed on one side of an insulator substrate 15 of 
2.0 mm in width in a rectangular window 14 of 9.2 
mm in length and of 5.5 mm in width. With that 
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antenna, a distance between two strip conductors 
is 1.5 mm, and the central portion of each strip 
conductor is connected to each edge of the win- 
dow by short conductors, a transmission line 1 2 is 
formed on the other side of the insulator substrate 
16. 

Referring now to Figs. 10 and 11, there is 
shown a printed antenna for linearly polarized wave 
transmission and reception provided with a reflec- 
tor plate which is derived from the antenna of Figs. 
8 and 9. The antenna is the same as that of Figs. 8 
and 9 except that a reflector plate 20 is disposed 
on the transmission line side of the substrate 
through another insulator substrate 17 of 2.0 mm in 
thickness. 

In front of the antenna of Figs. 10 and 11, the 
lengthes of strip entenna elements are adjusted to 
9. 4 mm so that a radiation power strength of a 
main polarized wave becomes the greatest. As a 
result, the frequency band at the half value of 
radiation power of main polarized wave is 450 
MHz, and suppression ratio of crossed polarized 
wave is -15 dB. Furthermore, the antenna is con- 
structed in a similar manner to that of Figs. 10 and 
11 except for the configuration of the window and 
the lengthes of strip elements. 

Thus, it is found that in the construction ac- 
cording to the present invention, even when the 
window is not tapered the property of crossed 
polarized wave is the same as that of the conven- 
tional antenna comprising a strip antenna element 
in the tapered window, and at the same time a 
wide band of frequency can be obtained. 

In Fig. 12, there is shown an example of a 
printed antenna for circularly polarized wave to 
transmission and reception which is constructed by 
a printed antenna made by the provisions of a slot 
antenna element 22 to the printed antenna as a 
fundament unit. 

With the slot antenna element, a percent band 
width of frequency at the half value of radiation 
power of main polarized wave is in general 10 %. 
Since with the antenna of Figs. 10 and 11, its band 
width of frequency is 80 MHz, and a pecent band 
with of frequency is 7 %, it is easily understood 
that with the printed antenna shown in Fig. 12, the 
property of circularly polarized wave is good. 

Now, a still another embodiment in which an 
improvement is introduced in the first embodiment 
from another aspect will be expained. Referring to 
Figs. 13 and 14, an antenna element 10 of 1.0 mm 
in width and of 9.2 mm in length is formed on one 
side of an insulator substrate 16 of 2.0 mm in 
thickness in a rectangular window 14 of 14 mm in 
lengh and of 5.5 mm width. At that time, the central 
portion of of strip conductor is connected to the 
edge portion of the window by a short conductor of 
0.4 mm in width. 



Referring now to Figs. 15 and 16, there is 
shown a printed antenna for circularly polarized 
wave transmission and reception provided with a 
reflector plate which is derived from the printed 

5 antenna of Figs. 13 and 14. With the antenna, a 
short antenna element 22 is formed spaced from 
the edge of the window opposite to the short con- 
ductor 11 and a reflector plate 20 is provided 
through another insulator substrate 17 of 2.0 mm in 

10 thickness on the transmission line side of the in- 
sulator substrate 16. 

In front of the printed antenna shown in Figs. 
15 and 16, a good circularly polarized wave is 
obtained without strong connection between the 

f5 slot antenna element and the strip antenna ele- 
ment, and radiation power strength becomes the 
greatest at the frequency of 11.8 GHz. On that 
condition, when a printed antenna for linearly po- 
larized wave transmission and receeption compris- 

20 ing a strip antenna element provided with a reflec- 
tor plate by covering the slot antenna element 22 
with a conductor is prepared, crossed polarized 
wave suppression ratio (ratio of a radiation electric 
field strength of a crossed polarized wave to a 

25 main polarized wave) is of a good value of -25 dB. 

For comparison, when, in the construction of 
the printed antenna of Figs. 4 and 6, the length of 
the strip conductor 10 is adjusted to be 9.4 mm so 
that the radiation power strength of the main po- 

30 larized wave becomes the greatest at a frequency 
of 11.8 GHz, crossed polarized wave suppression 
ratio is -15 dB. Furthermore, the antenna for com- 
parison is the same as the antenna in which the 
slot antenna in the antenna as shown in Figs. 15 

35 and 16 is covered with the conductor except for the 
configuration of the window and the lengh of the 
strip element. 

Thus, it is found that in the construction of the 
present invention, the property of crossed polarized 

40 wave is good without the provisions of taper on the 
window, and a good circularly polarized wave is 
obtained by a combination of a slot antenna ele- 
ment and a strip antenna element. 

Fig. 17 shows an example of a printed antenna 

45 for circularly polarized wave transmission and re- 
ception constructed by the printed antenna of Figs. 
15 and 16 as a fundamental unit. 

When, with the antenna shown in Fig. 17, a 
gap betwwen arrangements of fundamental ele- 

50 ments is of one length wave of a transmission line 
12, a radiation strength becomes the greatest in 
front of the antenna, and at the same time a 
circularly polarized wave is good. It is found from 
those that a connection between the slot antenna 

55 element and the transmission line is not strong 
enough to disturb the property of the transmission 
line, and its designability is good. 
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Claims 

1. A printed antenna which comprises a window 
formed in a grounded conductor provided on 
one side of an insulator substrate and a strip 
conductor formed in the window as a strip 
antenna element, said grounded conductor 
having convex portions projecting toward a 
central portion of said strip conductor in a 
longitndinal direction of said strip conductor. 

2. A printed antenna according to claim 1 in wich 
said convex portions are disposed symmetrical 
with respect to axis of said strip conductor, a 
distance between leading ends of said convex 
portions is more than the width of said strip 
conductor and is less than three times of the 
width of said strip conductor. 

3. A printed antenna according to claim 1 in 
which the width of leading end of each convex 
portion is less than the width of said strip 
conductor. 

4. A printed antenna according to claim 1 in 
which a slot antenna element is formed in said 
grounded conductor, associated with said strip 
conductor. 

5. A printed antenna according to any one of 
claims 1 through 4 in which said printed an- 
tenna is constructed as a fundamental unit, 
and a plurality of fundamental units of printed 
antenna are provided on said insulator sub- 
strate. 

6. A printed antenna according to any on of 
claims 1 through 5 in which a reflector plate is 
provided spaced from said insulator substrate. 

7. A printed antenna which comprises a window 
formed in a grounded conductor provided on 
one side of an insulator substrate, two strip 
conductors formed in the window and a short 
conductor connecting a longitudinally central 
portion of each of said strip conductor with 
said grounded conductor. 

8. A printed antenna according to claim 7 in 
which the width of said short conductor is less 
than the width of said strip conductor. 

9. A printed antenna according to any one of 
claims 7 and 8 in which a slot antenna element 
is formed in said grounded conductor, asso- 
ciated with said strip conductor. 

10. A printed antenna according to any one of 



claims 7 through 9 in which said printed an- 
tenna is constructed as a fundamental unit, 
and a plurality of fundamental units of printed 
antenna are provided on said insulator sub- 
5 strate. 

11. A printed antenna according to any one of 
claims 7 through 10 in which a reflector plate 
is provided spaced from said insulator sub- 

to strate. 

12. A printed antenna which comprises a window 
formed in a grounded conductor provided on 
one side of an insulator substrate, a strip con- 

15 ductor formed in the window, a slot antenna 
element formed in the grounded conductor, 
associated with said strip conductor, and a 
short conductor connecting a longitndinally 
central portion of said strip conductor with said 

20 grounded conductor. 

13. A printed antenna according to claim 12 in 
which said short conductor connects said strip 
conductor and said grounded conductor on 

25 opposite side of said slot antenna element. 

14. A printed antenna according to any one of 
claims 12 and 13 in which the width of said 
short conductor is less than the width of said 

30 strip conductor. 

15. A printed antenna according to any one of 
claims 12 through 14 in which said printed 
antenna is constructed as a fundamental unit, 

35 and a plurality of fundamental units of printed 
antenna are provided on said insulator sub- 
strate. 

16. A printed antenna according to any one of 
40 claims 12 through 15 in which a reflector plate 

is provided spaced from said insulator sub- 
strate. 
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